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a silicone which is a material of an intraocular lens or 
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a dye is useful far providing lenses for eyes, having vis- 



ible light transmission properties near to those of human 
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Description 

[OOOl] The present Invention relates to synthesis of a dye end use thereof in an intraocular lens. 

[0002] Lately, Influences of blue violet light on the human body have been reported. As a result of these influences, 
s injuries to eyes, particularly light harm to the retina, are feared. Intraocular lenses which are inserted In eyes after so 

operation for cataract, contact lenses, implants of the cornea and other intraocular lenses should have a function of 

guarding against rays having such high energy. The sun emits ultraviolet, visible rays and infrared in large quantities. 

The sun emission, which arrives on the surface of the earth through the atmosphere, constitutes UV-B <23O-300nm), 

near ultraviolet or UV-A (300-400nm). visible rays (4D0-700nm) and near infrared rays (700-1 400nm). The human 
10 choroid mostly transmits near infrared rays and visible spectrum under common conditions. However, the cornea mostly 

absorbs UV-B so that the UV-B cannot reach the retina. 

[0003] Senility changes of the transmission properties of ultraviolet and visible rays appear in human crystalline 
lenses by aging. The crystalline lenses freely transmit u Itravlolet and visible rays In infancy, transmit the rays less with 
age. and become yellowish gradually- Particularly, as the transmissivity of rays between 400nm and 500 nm slowly 
is lower, the visible view becomes yellowish. The visual function then becomes used to such conditions. For this reason, 
when the crystalline lenses of aged cataract patients are cut out and transparent artificial lenses am inserted into the 
eyes, the protective reactions of eyes, especially tissues of the retina and the like In fundus ocul, to protect from 
ultraviolet and near ultraviolet rays are lowered. As a result, the patient senses a bluish view after the surgical operation, 
it is called Chromatopsia. 

20 [QD04] in recent years, lenses for eyes to protect from harmful ultraviolet, particularly intraocular lenses, have become 
commercially available. These lenses are produced by mixing or chemical bonding of an ultraviolet absorber, which 
cuts off lights of less than 400nm f with a lens material, to lower the amount of incident ultraviolet to the eyes and protect 
the eyes from the harmful ultraviolet Further, coloured intraocular lenses are available commercially. These lenses 
are produced by mixing or copolymenzlng an ultraviolet absorber and a dye, which has absorption at a visible short 

25 wave range, with a material of hard lenses. On the other hand, as the materials of Intraocular lenses other than those 
of hard lenses, lenses produced by soft materials such as silicone elastomers and acrylic elastomers can be obtained 
commercially. When a dye Is directly mixed or dispersed into these soft materials, there is a possibility of bleeding out 
of the dye because of high molecular motion of the materials themselves. Accordingly, In the case of production of 
coloured lenses with soft materials, the coloured molecules should be rigidly bonded to the polymer of the materials. 

30 [0005] Japanese Patent Laid-open Publication H01 -299560 discloses a material far an intraocular lens characterised 
by a polymerizabJe ultraviolet absorber having polymerizable groups selected from the groups comprising of acrytcyt, 
methacryloyl, vinyl, allyl and Isopropenyl and a polymerizable dye having polymerizable groups selected from the 
groups comprising of acryloyl, allyl and lsopropenyl r which copolymerizes with another polymerizable monomer ingre- 
dient for lens production. Japanese Patent Laid-open Publication HOB-503997 discloses a polymer lens material tor 

35 eyes, which contains one or more monomers for forming lenses selected from the groups comprising of acrytate mon- 
omers and methacrylate monomers and one or more polymerizable yellow dyes having one to four polymerizable 
acryiate or metnacrylate groups, wherein the dye part is substituted for each aery late or methacrylate group by a spacer 
group of the folJowing formula [III]. 

40 

i, 

(X)KR\— R 3 — (R q ) e (X) h 

45 (RVX)b |Tjq 

wherein R 3 is alkyl of less than $ carbons; R 4 Is a noncycllc organic spacer of less than tBn atoms of C, H. SI, 
O, N, P, S, CI, Br or F or a combination thereof: X is O, NK or NR&, wnereln R 5 Is alkyl of C^C^ d, a, g and h are 
so independently integers in the range 0-4; and c and f are independently integers in the range 1-4. 

[0006] Further, Japanese Patent Laid-open Publication M09-1875Q0 discloses diacrytates/dimetnacrylates of the 
following formula [IV]. 
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O — CH * P 



[IV] 



to wherein ff and R" are Independently H or GH 3 , R 6 and R 7 are Independently hydrogen, alky! of ^-Ca,, OCH31 

OCaH 7l of OC4H5, I and j are independently integers of 1 or 2, R* R 9 , R 10 and R 11 are independently noncyclte orgarite 
spacer groups of less than 10 atoms, the spacer groups being C, H, Si, O, N, P, S, a, Br or F or combinations thereof, 
k and m are Independently Integers In the range 1 -6, 1 and n are Independently integers in the range 0-6. and X isO, 
NH or Nfl 5 , wherein R 5 is alkyl of C^q. 

75 p>0Q7] These techniques disclosed in Known references apply a method for eopolymerizlng a polymeriiable colouring 
agent or an ultraviolet absorbing agent with an acrylic or melhacrylic polymer by radical polymerization Materials of 
the coloured Intraocular lenses produced by these techniques are hard polymethylmethacrylate. Although the above 
known techniques take effect to provide stable hard lenses, there are many problems because a suitable method for 
colouring soft intraocular lenses and a technique there for are not disclosed. Moreover, si nee azo dyes generally inhibit 

20 radical polymerization, the possibility remains of unpolymerized monomers or low molecular ingredients in polymer 
products. Some claims of these patent applications disclose dyes having a phenolic hydroxy! group. I lowever. dace 
the phenolic hydroxyl group traps growth radicals in the polymerization, it is not suited for radical polymerization. Some 
claims of these patent applications disclose dyes using an ally! group as a polymerizeble group. The ally I group Is poor 
in radical polymerization and unsuitable for such polymerization. Monomers having acryl or methacryl groups have 

« high reactivity and high toxicity, so that these arc difficult to treat 

[0008] Preferred embodiments of the present invention aim to provide lenses for eyes having visible light transmission 
properties near to those of human crystalline lenses, and particularly colouring techniques effective for soft lenses for 
eyes. 

[0009] According to one aspect of the present invention, there is provided a dye for an intraocular lens havingthe 
so following formula [I] or [II]: 



R 3 — N=N- 




wherein fl 1 is linear or branched alkyl of G, -C, 0 or phenyl; when R 1 is phenyl, one or more hydrogens of its aromatic 
ring may be substituted by linear or branched alkyl of Ci-C^o, linear or branched alkoxyl of 0,-do, hydroxy, amino, 
45 suifo, nitro, halogen, carboxy, -C[=0)O-tV or -C(bO)-NH-R* wherein r 4 is linear or 1) ranched alkyl of^-C^ 

R 2 is linear or branched alkyl of D , amino or phenyl; when R 2 is amino, one or both hydrogens thereof may 
be substituted by linear or branched alkyl of C,-C l0 ; or when R? Is phenyl, one or more hydrogens of Its aromatic 
ring may be substituted by linear or branched alkyl of C^o* linear or branched alkoxyl of C r C l0 , hydroxy, amino, 
&> suite, nltro, halogen, carboxy, -C(=0)-0-R«, -C(bO)-NH-R*, wherein R* is linear or branched alkyl of Ci-C 10 ; 

P 3 Is phenyl or nephthyi, one or more hydrogens thereof are linear or branched alkyl of G, -C 10 , Unear or branched 
alkoxyl of 0,-0,0. hydroxy, amino, sulfa, nltro, halogen, carboxy, -C(=0)-O-R«, -C(«0)-NH-R*, wherein R* is linear 
or branched akyl of C,-d, 0 ; and 

55 

in formula (n. at least one hydrogen of the aromatic ring constituted in R 1 , R* or R 3 is substituted by any of CH^CH* 
(CHaW. CHa-CH-iCH^-X^CH^, CrV^(R 5 )-(CH ^ ) m -^<;(=0)•(CHd„^CrV^(r^-^H ^ ) fn -C( ? =0) 
-Xi-(CH 2 ) rt% {CH^CKRSj^CHgJ^N-fChy^, or {CHa-C^R^^HaJ^-JaN-CI^^CHa),,-; wherein X* is -O- or 
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-NR 6 -, R s and R 6 are independently hydrogen, or If near or branched alkyl or 0,-0, 0 , and m and n are Independent 
integers In the range 0 to 1 0: 



10 



,12 D 11 



=20 o 10 




wherein R 11 . R 12 . R 13 , R 14 . R 15 , R t6 f R 17 , R 18 , R 16 , and R 20 are Independently selected from hydrogen, hydros 
halogen, or linear or branched alkyl of 0,-0,0. and at least one of them is a substituted group represented by. 



CH^CR^-X 15 



N- 



CH 2 =CR 21 -X^ 



* 13 ~ 



3 23 



or 



wherein R 21 and R 22 are independently hydrogen or methyl, R» is hydrogen or linear or branched alkyl of 0,-0^ 
X 11 , X 12 and X 13 , indcpcndendy, have covatent bonds, or linear or branched bivalent spacer groups, or -(CH^m- 
O-fCHj)^ wherein m and n are Independently integers in the range 0 to 10. 

90 [0010] The invention extends to a colouring silicone material which is obtained from chemical bonding of the dye 
represented by formula [f] or pi] to a silicone polymer having hydrosilyl groups. 

[0011] ThB invention extends to a colouring silicone material which is obtained from chemical bonding of the dye 
represented by formula [I] or [II] and an ultraviolet absorber having functional groups capable of chemical bonding to 
a silicone having hydrosilyl groups. 

& [0012] In such a colouring silicone material, the silicone having hydrosilyl groups may be selected from the group 
comprising a dlmeihylslloxane-methylhydroslloxane copolymer, a dlphenylslloxane-phenylhydroslloxanecopotymer, 
poryethylhydrosiloxane, a methyihydroslloxane-phenylmethylsiloxane copolymer, a methylhydrosiloxane-octytmethyK 
Sitoxane copolymer, a silicone resin containing hydrosilyl groups and polyphBny1<dimethylhydrosiloxy)siloxana 
[0019] The Invention extends to a silicone elastomer obtained by crossGnking of a silicone having hydrosilyl groups 

40 as above with a silicone having vinyl groups. 

[0014] The Invention extends to a silicone elastomer obtained by crosslinks g of a silicone having hydrosilyl groups 
as above with a siBcone having vinyl groups and a silica. 

[0015] The Invention extends to an intraocular lens comprising a dya, colouring silicone malarial or silicone elastomer 
as in any of the preceding aspects of the invention. 

*s [ooifi] A yellow dye according to a preferred embodiment of the present invention nas a constitution able to bond 
chemically to transparent silicone having hydrosilyl groups by an addition reaction. Since the dye is able to attach 
directly to polymer chains, It has a much lower tendency to exude from materials after shaping for use in the eyes. As 
a yellow dye according to a preferred embodiment of the present Invention has also radical polymerizabHity, It is possible 
to obtain coloured intraocular lenses by copofymerization with monomers of radical polymarfeabirity such as acrylic 

so and styrene types. More preferably, lens materials are obtained by using a method other than radical polymerization, 
namely by bonding the dye to a polymer chain. Yellow dyes according to preferred embodiments of the present Invention 
may have a maximum absorption of 350-450 nm . Lenses for eyes, obtained by bonding both the yellow dye and another 
ultraviolet absorbing agent to silicone or by copolymerization of the dye with a monomer constituting lenses, can shut 
off the greater part (more than 99%) of incident violet light to the eyes and lower blue light intensity to reduce the bad 

55 influence of fight upon eyes. The lenses can be used as intraocular lenses, glasses, contact lenses and other lenses 
for eyes. 

[0017] Coloured silicone obtained in a preferred embodiment of tne present invention has its absorption band in the 
blue region. The siEcone does not exude dye, and is suitable for use in contact with living organisms, and for long-term 
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use in the eyes, 

[0018] For a better Understanding of the invention, and to show how embodiments of the same may be carried 3nto 
effect, examples thereof will now be described, and reference will be made, by way of example, to the accompanying 
diagrammatic drawings. In which: 

5 

Figure 1 shows a transmission spectrum of u Jtraviolet-vistbie light of a plate sample of silicone elastomer in Example 
1 described below; and 

RgureSshowsatransmission spectrum of ultraviolet-visible Hght of a plate sampla of silicone elastomer In Example 
io 3 described below. 

[OOl B] An example of a ye 1 tow dye according to an embodiment of the present invention, which has the possibflrty 
of addition bonding to silicone, has a basic skeleton of azobenzene or phenylazopyraiolone, and it has unsaturated 
aikyl groups such as vinyl and aliyi, to give the possibility of addition bonding to silicone polymers. Moreover, it has 

7* characteristics of blocking violet light and protection of Byes from not only blue ight but also violet fight by using a 
supporting mixture of the dye and an ultraviolet absorbing agent having the possibility of addition bonding to silicone 
at the same time, or by using a mixture of the dye and silicone supporting an ultraviolet absorbing agent 
[0020] A form of such a yellow dye is represented by a constitution of an enol type of the above general formula P|, 
and also by a keto type of the formula. 

so [0021] Examples of such compounds are ^(^cryloyloxyphenylJazo^methyl-l-phenyl-S-pyrazolone, 4-{4-metrv 
acryloylphenyl)a2C-3-methyl-l-phenyl'5-pyrazolonG p 4-(4-methacryloyloxyphenyl)azo-3'm 
ne, 3-methyW -phenyl-4-(4-vinylphenyl)azo-5-pyrazolone, H4-tert-butylphenyl)-3-methyl 4-(4-vinylphenyJ)azo- 
5-pyrazolone, 4-(4-allylphenyl)azo^3-metrvl-1-phenyl-5-pyra20lone f 4-(4-hydroxy-3-ailylphenyi)a20«3-methyl-l-phB- 
nyt-5-pyrazolone, 4-allyioxyphenylazo-3-methyl-l-phBnyk5-pyra2olone, 4-{4-allyloxymathylphertyl)8ZO^methy^ 

25 1-ptenyl-SHpyrazolone, 4-alryloxyoarbonylpt>enylazo-3-methyM -phenyl-B-pyrazotone, 4-(4-aljyloxycarbonylphenyl) 
azb-3-methyl-1 -phenyl-5-pyrazbl6rie, 4-(4-allyprienyl)a20- V(4-tenVbutylphenyl)-3-methyl-5-pyra20lone, 4-(4-allytoxy- 
phenyl)azo-l ^4-tert-butylphenyl)-3-rnethyl-5'pyrazolone, 4-(4-al1yIoxycarborw]phenyl)azo-1 -(4-tert-butylphenyt)- 
O-methyl-S-pyTazolone, 4-(4-acryloyiphenyi)a2o-i -(^tert-butylphenylJ-S-methyl-S-pyrazolone, 4-(4-acrytoytoxyphe- 
nyl)a20-'t-(4-tert-butytphenyl)-3-methyl-5-pyrazolone i 1-(4-tert-butylphenyD^4-metr^cryIoylpherryl>azo-3-metr^K 

so 5-pyrazolone, 1-(4-tert-butylphenyl)^(4-memacryioyloxyph l-(4-allylphBrryl)-3-rne- 
thyM-phenylazo-5-pyrazolone, l-(4nallylphenyl)- 4-(4*tert-butylphenyl)azo-3-methyl-S-pyra20lone, 1-(4-allyloxyphe- 
ny i).4,(4.tert-butylphenyl)azo-3-methyl-5'pyrazolone i 1-{4-alryloxycanbony^henyl)-4-(4-tert-birtylpheny0azo^me- 
thyl-5-pyrazotone, 1 -(4^llylpheny0^(2-tert^utylphenyl)azo-3-methyf^5-pyrazolone f 1-(4-atlylpheny1M^4-sec-butyl- 
phenyl)azc-3-methyl-5-pyrazolone. l-(4-alrylphenyl)- 4-(2-tert-butylphenyl)azo-3-methyl-S-pyrazolone, i-(4-flllylphe- 

$5 nytJ^^^sec-butylpheny^azo-S-methyl-S-pyrazolone, >(4-aci7]oy1phenyl}-3'methyl-4-pyenylazo-5-pyrazolone, 
4-(3-methyl-1 -phenyh5^yra20tone^-yl)azoa!lylani!ido, 4-(3-methyM -phenyi-S-pyrazolone-4-y|)azoallylanilWo f N-a> 
ryM-<3-methyM -phcnyJ-5-pyrazolo mM-yVjazobcnzamide, N,NKliallyM-<3-methyl-1 -pheny l-5-pyrazolone-4-yl) 
azobenzamide and the (ike, but these are not limited to the above compounds. 

[0022} Examples of yellow dye embodying the present invention also have the above general formula III] in addfflon 
*Q to those having the above general formula 

in- 

[0023] Examples of such compounds are N,N-dia]lyl*4-aminoazoben26ne, N-aJlyl-4-aminoazobenzene, 4-ally- 
4£ loxymethylazobenzene, N,N-d1rriethacryl -4-amlnoazo benzene, N-mBthacryl-4-aminoazobenzene, 4-methacry- 
loxymethylazobenzene, N,N-djallyl-4-(2-aminoethyl)azobenzene, N T N-cfiallyl-4-aminomethyiazobenzene, N-allyi- 
4-(2-aminoethyl)azobenzene 1 N-ailyU-amlnomethylazobenzene, N p N-diethyM-amino-3-allylazobenzene, N.N-cSme- 
thyl-4-amino-3-allylazobenzene, N.r^diBthyl^-amino^'-aHylazobenzene, NtN-dimethyl^amlno^'-allylazoberftene 
and the Nke, but these are not limited to the above compounds. 
so [0024] Preferred examples of dyes embodying the present Invention are the following compounds 1 , 2, 3 and 4. 



5 



PAGE 1 5130 * RCVD AT 2/23/2005 3:38:24 PM [Eastern Standard Time] * SVR:USPTO-ff XRF-1/0 " DNIS:8729306 ' CSID:+585 338 8706 1 DURATION (mm-ss):08-28 



FEB-23-2005 03:46PM FROM- LAW DEPARTMENT 



+585-333-8705 



T-1T8 P. 016/030 F-299 



EP 1 293 S41 A2 




10 

Compound 1 



15 




r *=^ CH 2 -CH=CH 2 



^ W CH 2 -CH=CH 2 Compound3 



40 



^ N=N — ^ ^ — NH — CH 2 — 



CH=CH 2 

Compound 4 

so [00251 Compounds i t 2, 3 and 4 have a possibility of covaJent bonding of a silicone polymer, by an addition reaction 
of the end C=C bonds themselves with hydrosiiyl groups of silicone having the hydrosiryl groups. Because of the 
reaction, dye exudates from such obtained materials are very little. Further it is possible to introduce these compounds 
into the polymer produced by radcal polymerization. 

10026] The above dye compounds have a maximum absorbance of about 35CM5()nm. Seme of them have a weak 
& absorbance at less than SSOnm. m such compounds, another ultraviolet absorbing agent should be preferably used 
at the same time. There are several types of uttravtolet absorbing agents, such as benzophenone, benzotriazole, 
salicylic acid and indole types, but such agents are not Bmited to these types. It is important that these types are used 
for compensating the absorbance of the above dyes and have functional groups which are able to -chemically bind to 
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silicone to be main materials of lenses. 

[0027) Examples of such ultraviolet absorbing events are a-(5-acryloxyk)xyethytoxy-2-hydroxy'3^ert-butyipher^ 
SH-bensotriazol, 2-(2-hydroxy-5-acnyloxyoxyphenyl)-aH-ben2olrie2ole, 2-(2-hydroxy^-methacryloyloxyethoxj)- 
4-chtoro-2H4»nzom'azole,2-(2-hydroxy^^ 2-(3-allyl-2-hydroiy- 
s ^methy1phenyl)-2H-beraotriazole, 2-(3-alry^2-hydfoxy-5-tert-butylphenyl)-2H-befizotria20le, 2-hydroxy-4-methacnf- 
loyloxybenzophenone. 2-hydroxy^4-methacry1oy]oxyethoxybenzophBnone ? 4-acrytoyloxy-2-hyctoxyberuopheno«s l 
4-acryloyloxyethoxy-2-hydroxybenzophenofle and the like, but these ere not limited. 

[0028] By using a yellow dye as an example of the present invention, having a possibility of addition reaction to 
silicone having hydrosilyl groups, an addition reaction using acalalyst such as platinum can provide silicone compounds 
to having a very low risk of edition of the dye directly bound to the silicone. 

[0029] Examples of the above silicone compounds having hydrosilyl groups are dimethylsltoxane-methylhydroBi- 
loxane copolymer, diphenylslloxane-phenylhydrosiloxane copolymer, polyethylhydrosiloxane, methylhydrosiloxafle- 
phenylmethylslioxane copolymer, methylhydrosiioxane-octytmethylsiloxane copolymer, methyl silicone resin contain- 
ing hydrosilyl groups. polyphsnyl{c5methylhydroslloxy)siloxane and the like, but these are not limited to such corn- 
's pounds. 

[0030] Catalysts using In the addition reaction of yellow dyes to silicone compounds are desirably platinum com- 
pounds such as hydrogen chtoroptatlnate, piatinunvdivinyltetramethyidisiloxane, and platinum-tetramethyltetravinyl- 
cyclosiloxane. further, a silicone bound to the yellow dye obtained by the above method may provide a silicone elas- 
tomer chemically bound to the yellow dye by crossilnking with a silicone having vinyl groups. 
20 [0031] Further, a silicone bound to the above yellow dye may provide a silcone elastomer chemically bound to the 
yellow dye by crossllnking with a mixture of silicone having vinyl groups and silica. 

[0032] lb form the above elastomer, catalysts such as platinum compounds such as hydrogen chJoroplatinate, a 
platinum-divinyltBtramethyldisiloxane complex, a platinum tetrametriyltetravinylcyelotetraslloxane complex and a ptot- 
inum-aiumina supporting catalyst can be used, and such catalysts provide a smooth crossfinWng reaction. 

& [0033] A yellow dye in accordance whh one example of the present invention can be chemically bound to Silicone 
having hydrosylil groups and then crasslihked with silicone having vinyl groups. Another method is that the yellow dye 
Is mixed with silicone having hydrosilyl groups or silicone having vinyl groups, and the mixture is mixed whh sIBcone 
having hydrosilyl groups and silicone having vinyl groups, and then the mixture is cross-linked at the same time as the 
yellow dye is reacted to the hydrosilyl groups. 

30 [0034] Upon mixing of the silicone described above, it Is preferable to homogeneously disperse the yellow dye by 
using an appropriate solvent. As such solvents, acetone, ethanol, methanol, tetrahydrofuran, and dichloromethan can 
be exemplified. The yellow dye is dissolved in the solvent and mixed with silicone. Then, the solvent is distilled away 
with an evaporator, and the yellow dye can be uniformly dispersed in silicone. 

as Examples 

[0035] The following are synthetic examples of compounds as used in examples of the present invention, and ex- 
amples of use of such compounds. 

40 Synthesis of compound 1 

1 . Synthesis of dlazonium bereoate 

[0036] P-arninD benzoic acid 6.86 g (0.05 mol) was placed in a three necked flask of 1 000 ml, 1 moi/1 of hydrochloric 
4s add 100 ml was added to dissolve the mixture. A mechanical stirrer, a thermometer end a dropping funnel of 200ml 
were attached to the three-necked flask. The flask was placed In an ice bath, and the temperature in the flask was 
kept at 0-5 H C. Sodium nitrite (NaN0 2 ) 3.8 g (0.055 mol) was dissolved in 1 0ml of distilled water, and the solution was 
3lowry added dropwise from the neck into the flask for five minutes. The temperature in the flask was kept at 0-S°C, 
stirring was continued for 30 minutes, and yellow liquid was obtained to use for a subsequent reaction. 

so 

2. Synthesis of 4-(4'^»rboxyphenylazo)-3-methyl*l-phenylpyrazolone by azo coupling reaction 

[0037] 3-lviethyM-phenylpyrazolone 10.45 g (0.06 mol) was dissolved In imoW of aqueous solution of sodium hy- 
droxide 1 00 ml and the solution was placed into the above dropping funnel. Vigorously stirring with a magnetic stirrer. 
55 the above aqueous solution was slowly added dropwise for one hour while it was kept at 0-5*C- After all the solution 
had been added, 1 mol/l of aqueous solution of sotfum hydroxide 100ml was added, and the mixture was stirred for 
more two hours. After the reaction was finished, hydrochloric acid was added dropwise at room temperature, and 2N 
hydrochloric acid was slowly added dropwise to obtain a reaction solution of pH 2 with a monitor of pH test paper. A 
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large quantity of a precipitate was produced. The precipitate was filtered with Buchner funnel suction. The predpTUte 
was washed with distilled water until the pH of the filtrate was 7. The suction was continued until no further filtrate ras 
obtained, and the residue was washed with acetone 500 ml. The precipitate was placed in a heat dryer of 60»C end 
was dried under reduced pressure overnight with a vacuum pu mp. 

3. Synthesis of ^(^-allybxycaroonylphenylazoi-s-methyl-i-pnenylpyrazolone 

[0038] Dried soSd 5g was collected from the above precipitate and placed in an oval flask of 300ml. Thionyl chloride 
50ml was added, and a baK tipped cooler was attached to the flask. The flask was kept In an oil bath at 9FC ~ 1 00-C 
and the mixture was reacted for 30 minutes. After the reaction was finished, thionyl chloride was distilled away under 
reduced pressure. AUyl alcohol SO mJ and pyridine 5 ml were added into the flask, and the mixture was stirred for 30 
minutes at the oil bath temperature of 90-1 00°C and cooled to room temperature. The reaction solution was placed in 
a separating funnel of 1000 ml, and drchlorometrtan 100 ml and distilled water 100 ml were added. The solution was 
separated Into two layers, and waterof the upper layer and organic layer of the lower layer appeared. The lower orgaric 
* layer was taken out of the funnel and washed with distilled water 100 ml, washed with 1 moM of aqueous solution of 
sodium hydroxide 100 ml three times, and washed with distilled water three times. It was confirmed with a pH test 
paper that the water layer had become neutral. The organic layer solution was taken out. after magnesium sulphates 
g was added to the solution, the mixture was stirred for 3 minutes. Magnesium sulphate was filtered off wfthout suction 
Solvent was distilled away with an evaporator to obtain orange solid. The obtained solid was dissolved In methanol 
a> 200 ml and the mixture was submitted to heat filtration and cooled. Needle crystals separated out slowly and were left 
for about one hour In a refrigerator. The obtained needle crystals were separated by filtration, and dried in vacuo to 
obtain the crystals of the desired compound. 
H-NMfi: d=2.4. 4,3. 5,3-5.5, 6.0-6.1 9 72-73, 74, 79, 8.1, 13.5ppm 
IT-IK: 3060, 1718, 1561, 1550, 1499, 1251. 1159, 1l08,76ScnT' 
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Synthesis of Compound 2 



1 . Synthesis of a oTazontum salt of 4-amrnostyrene 

so [0039] 1 N hydrochloric acid 1 00 mt was placed into a l OOOml three necked flask equipping with a thermometer, and 
4-amlnostyrene5.5 g was added and dissolved. Ice cooling the flask, an aqueous solution 1 0 ml of sodium nitrite 1 .45 
q was slowly added for about ten minutes. All reaction solution was changed into green brown. 

2. Synthesis of 3-nrtethyM -phenyl-4-(4-vinylphenyla2o)-5-pyra20!one by azo coupling reaction 

[0040] 3-methyM -phenylpyrazoione 3.7 g was dissolved In 1 N aqueous solution 200 ml of sodium hydroxide. The 
solution was placed In a dropping funnel, and slowly added dropwise for about one hour into the solution prepared in 
1 above. With dropping, a red brown precipitate was produced in the solution. After the dropping was finished, trie 
solution was warmed to room temperature, and stirred for one hour. Measuring with a pH meter, 1 N hydrochloric acid 
40 was added to obtain a solution of pH 2, The solution was filtered with suction, and the predpitate was obtained. Tne 
precipitate was washed well with water, and dried in vacuo overnight 

3. Preparation Of 3-methyH-phenyl-4-(4*vinylphenylazo)-5-pyrazolone 

<« 10041] Tokiene 1 00 ml was added into the solid obtained in 2 above, and the mixture was heated to 7f>B0*C and 
dissolved. The mixture was filtered without suction with filter paper to filter off impurities. After removing toluene with 
an evaporator, the residue was dried and recrystallized from small amounts of methanol to obtain needle crystals of 
the desired compound. 

H-NMR: d=2-4, 5.3, 5.7. 6.7, 7.2-7.3, 7.4-7.5. 8.0, l3.7ppm 
SO FT-IR:306Q, 3006, 2921, 1654, 1582. 1550, 1501, 1490,1341, 1270. 1155,994. 913, 753cnr' 

Synthesis of Compound 3 



[Q042] 4-aminoazobenzene 1 g was dissolved in a mixture of ethanol 40 ml and toluene 5 ml in an oval flask of 200 
ml, and airyl bromide 1 0 ml was added. The flask was immersed in an oil bath at SOX and heated to reflux the mixture 
for 30 minutes. Then, by adding NaOH 2 g, the colour of the solution was changed into greenish yellow. ADyl bromide 
1 0 ml was further added, and the mixture was refluxed at 8Q*C for 30 minutes. After the reaction was finished, dlcWo- 
romethane 100 ml was added, and the solution was washed with 1N NaOH aqueous solution three times and water 
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1 00 mlthw times. The dchloromethane layer was taken out and the solvent was distilled away with an evapoatet 
After adding a small amount of ethanol, the mixture was submitted to heat filtration and cooled In a refrigerator Need* 

22? separaled 0ut The obta,ned Crvstels wre fl, * ere d3nddri9dlnvacuotoobtajncrystalsofthedesiredwmpfflM 
[0043] Purther examples of the invention are as follows. 

Example 1: Production of coloured silicone with compound 1 

[0044] Compound 1 0.010. 2-hydroxy-^methacryioyioxyethoxybenzophenone 0.5g commercially available asaa 
ultraviolet absoroer, and k&i 03 1 0Og (manufactured by Shinstu Silicone, principal constituent: vinyl-terminated pota. 
dimethylslloxane) which is a transparent silicone of a two-part hard type commercially available as a principal material 
these three compounds were mixed wrth stirring to uniformly distribute compound 1 and the ultraviolet absorb* To 

H^ re !!!l* , ?P!! ndpal materlal of 6inoone in which com P° untf 1 a nd the ultraviolet absorber were uniformly dispersed. 
CAT-103, which is a silrcone-crosslinking agent attached to KE-103, was mixed in ttie weight ratio of 1/10 per silicone. 

f^„ r ^ m ° Vin9 buW,,9S by VaCuum de S £W * ,n 9' the mfxtura Interposed with glass plates and heat cross-link* at 
1 00° C for 30 minutes to obtain a plate sample of a coloured silicone elastomer. Figure 1 shows a transmittance spectium 
of the Ultraviolet-visible light Of thB plate sample. 

Example 2: Production of coloured acrylic resin with compound 2 

[0045J The following materials were mixed: compound 2 0.01 % by weight, phenylethylacryl'ate 60% by weight phe- 
nylemylmethacrylate 34% by weight, 1 ,3-prepanedioldiacrylate 3,5% by weight, ^(^hydroxy-5-aciyloyloxypheivO* 
2H-benzotriazo( 1 .5% by weight, AIBN 1 % by weight as an initiator. The mixture was interposed between glass plates 
and polymerized at 1 00 °C for 2 hours. After extracting unreacted materials from the polymer with acetone by a Soxhtafs 
extractor, the polymer was dried in vacuo to obtain an acrylic piate sample. 

Example 3; Production of coloured silicone with compound 3 

(0046] To 1 00 g of commercially available trimethylsHyl-terminated dimethylslloxane-methylhydrosHoxane copolymer 
(Aldorich) which was heated to 90 °O t 0.1 g of compound 3 and 5 g of 2-hydroxy-4-methacryioyloxyethoxybenzcphe- 
none was added, and a commercial complex of platinum-divinyltetramethytclislloxanB (Aldorich) was added to obtain 
platinum concentration of 5 ppm. The mixture was reacted at 60 B C for one hour. Alter cooling the reactant, filtration 
was conducted with a 0.5> membrane filter to obtain an orange silicone cross-linking agent The coloured silicone 
cross-linking agent was mixed with KE-103 (manufactured by Sinetsu silicone, principal constituent : vinyl-terminated 
pofydimetfjylsiloxane) In the ratio of 1/10 per the principal material. After removing bubbles by vacuum degassing the 
mixture was interposed with glass plates and heat cross-linked at 100 °c for 30 minutes to obtain a plate sample 'of a 
coloured silicone. Figure Z shows a transmittance spectrum of the ultraviolet-visible light of the plate sample. 

Comparative Example 1 : 

40 [0047] C.I.Solvent Yellow 1 6 of a commercial dye 0.01 g, 2-hydroxy-4-methacrytoytoxyethoxybenzophenone of a 
commercial polymertzable ultraviolet absorber 0.1 g, and a transparent silicone 100 g of a commercial two-part hard 
type as a principal material were mixed with stirring to distribute uniformly the dye and the ultraviolet absorber. The 
resulting principal material of coloured silicone and a usual silicone cross-linking agent were mixed with a suitable 
mixing ratio. The mixture was interposed between glass plates and heat cross-linked to obtain a plate sample of a 

45 coloured silicone elastomer. Since the thus-obtained coloured sillcona elastomer easily exuded the dye on the surface, 
it was riot appropriate for use as a material in contact with living organisms. 

[0048] In this specification, the verb "comprise" has its normal dictionary meaning, to denote non-exclusive inclusion. 
That is, use of the word "comprise" (or any of Hs derivatives) to include one feature or mora, does not exclude the 
possibility of also Including further features. 
bo [0049] The reader's attention is di rected to all and any priority documents identified in connection with this application 
and to all and any papers and documents which are filed concurrently with or previous to this specification In connection 
witn this application and which are open to public inspection with this specification, and the contents of all such papers 
and documents are incorporated herein by reference. 

[0050] Al! of the features disclosed in this specification (including any accompanying claims, abstract and drawings), 
and/or ail of the Steps of any method or process so disclosed, may be combined in any combination, except combine 
tions where at least some of such features and/or steps are mutually exclusive. 

[0051 J Each feature disclosed in this specification (including any accompanying claims, abstract and drawings), may 
be replaced by alternative features serving the same, equivalent or similar purpose, unless expressly stated otherwise. 
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Thus, unless expressly stated otherwise, each feature disclosed \s an* Mam*]* A * . 

or slmifar features. ™sciosea is one example onJy of a generic series of equivalent 

10052] The invention is not restricted to the details of the foregoing embodiment's) The invention «*«,vk m =™ 
SSd 9 Jl °' nCVS ° ne ' ° r ^ n0VSl * *• *eps of any method or^cS so 

Claims 

1. A dye tor an intraocular lens having the following formula pj or til): 



HQ 



R 1 



R 3 — N=N \^Jj^ 

"J ,S 0r of Cl " C '° or P" 6 "*' v * en Rl is P ho ">"' onB « more hydrogens of its 

aromatic ring may be substituted by linear or branched aikyi of d-C,,,, linear or branched eltaxyl of C-C 1B . 
hjtfroxy.amino.sulfo, nitro. halogen, carboxy, -C(«0)-0*«or-C(.0).NH-R4 wherein FH is linear or branched 
alkyl of 0,-C )0 ; 

R2 is linear or branched alkyl of C,-C 10 , amino or phenyl; when R« Is amino, one or both hydrogens thereof 
may be substituted by linear or branched alkyl of 0,-0,0; or when R« is phenyl, one or more hydrogens of Its 
aromatic ring may be substituted by linear or branched alkyl of 0,-0,0. linear or branched alkoxyl of d-Cn 

??? , '^ ai T ,O * SUlf0 " nilr0, hatoQB "- °a*°*y.-C(=0)-0-R« -C(=0)-NH-R4 ^ WB]n R4 l6 | inoarorb ^^i 
alkyJ of C^C^; 

R 3 Is phenyl or naphthyl. one or more hydrogens thereof are linear or branched alkyl of 0,-0,0. linear or 
branched alkoxyl of C r C, 0 , hydroxy, amino, sulfo, nitro, halogen, caitooxy. -0(=O>O-R* -Cf-Ol-NH-R* 
wherein R* is linear or branched alkyl of 0,-0,0; and 

in forniLla [U, at least on* hydrogen of the aromatic ring constituted in R', R* or R 3 Is substituted by anv of 

( S*X£ftff IttW^tC^-J/HCHA,-. or {CH 2 =C(R^-(CH^ m -} 2 N-C^O)-(C^ n .; wherein X? is 
-O- or 'NRB-, RS and R 8 are independently hydrogen, or lin B ar or branched alkyl of C,~C, n , and m and n are 
independently integers in thB range 0 to 10: 



R 11 

R V s R'« R 17 [U) 

wherein R« R* R ,s , Ri* R«, R«, R", Ris m s ^ R2Q afe intj9pendently 5e|ected ^ h ^ 0 h 

droxy. halogen, or nnear or branched alkyl of C,~C, 0 . and at least one of them Is a substituted group repre- 
sented by: 
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CH 2 — CR 21 ~X 1 ' CH 2 =CR 2l -x 1 1 



Of 



CH 2 =CR*- X " 



wMi m ^m l"*pi^ hydrogen or methyl. R* is hydrogen or linear or branched eJkyt of 
Dr -( c H 2 ) m -0-(CH 2 ) rt . f wherein m and n are independently integers in the range 0 to 1 0. 

3L A colouring elfteone material which is obtained from chemical bonding of the dye represented by formula Til or fin 
of claim 1 to a silicone polymer having hydrosilyl groups. ""^hjohiij 

3. A colouring silicone material which is obtained from chemical bonding of the dye represented by formula HI or fill 
hydrSyl grou^ M ^ 9 flJncti0^a, 9roups ca P aW> of chemical bonding to a silicone having 

4. A colouring silicone material according to claim 2 or 3, in whicn the silicone having hydrosilyl groups is selected 
from the group comprising a dimethylslloxane-methylhydrosiloxane copolymer, a diphenylsiloxane-phenylhydresi- 
bxane copolymer, polyethylhydroslloxane, a methylhydrosiloxane-phenylmethylsiloxane copolymer, a methylhv- 
XydStyS copolymer a silicone resin containing hydrosilyl groups and polyphenyKdimeth. 

5. A silicone elastomer obtained by crosslinklng of a silicone having hydrosilyl groups according to claim 2 or 3 with 
a silicone having vinyl groups. 

6- A silicone elastomer obtained by croaslinking of a silicone having hydrosilyl groups according to claim 2 or 3 with 
a silicone having vinyl groups and a silica. 

7. An intraocular lens comprising a dye, colouring silicone material or silicone elastomer as claimed in any of the 
preceding claims. 7 
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i. Claims: 1-7 (in part) 

Dyes for Intraocular lenses of formula silicone 
material containlns said dye and intraocular lens coi 
said silicon material . 



2. Claims; i-7(1n part) 

Dyes for Intraocular lenses of formula 'III* silicone 
material containing said dye and Intraocular lens cooprtsino 
said silicon material. 
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5543604 A 


06-08-1996 


us 


5S2B322 A 


18-06-1996 


us 


5662707 A 


OZ-09-1997 
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